In this project, an algorithm for the determination of the positions and the strengths of sound sources in closed combustion chambers by the evaluation of wall-flush-mounted microphones is presented. The theoretical background of the reconstruction of sound sources is the nearfield acoustic holography. In the theory of nearfield acoustic holography, evanescent modes of the sound pressure field have to be taken into consideration. The choice of these modes is described in detail. Since the problem is ill-conditioned, different regularization methods are used for the solution of the inverse acoustic problem. The algorithm is applied to optimize the arrangement of a sensor array with 48 microphones and the dependence on contaminating noise is investigated. The focus of this project is the localization of real sound sources not exactly located on the assumed source distribution. For this case, a scanning technique is introduced and its applicability is investigated.
Introduction
One of the main goals in modern gas turbine development for power generation and aeroengine applications is the reduction of pollutant and noise emissions. Flow disturbances in the combustion chamber cause fluctuations of the flame which, in turn, generate acoustic waves due to the unsteady expansion across the region of heat release [4] . Significant sound pressure levels can be observed if this mechanism excites acoustic resonances of the combustion chamber. Even worse, if the time scales of the acoustic-heat release interactions match those of the wave resonance period, positive feedback may occur. If the damping in the combustion chamber is not suffiChristian Pfeifer, Jonas P. Moeck, C. Oliver Paschereit Institute of Fluid Dynamics and Engineering Acoustics, TU Berlin e-mail: christian.pfeifer@pi.tu-berlin.de Lars Enghardt Engine Acoustics Department, DLR Berlin A. Schwarz, J. Janicka (eds.), Combustion Noise, DOI 10.1007/978-3-642-02038-4 10,ciently high, perturbations grow in amplitude until limited by nonlinear effects [9] . This phenomenon, commonly referred to as thermoacoustic instability or combustion oscillations, may lead to exceptionally high pressure pulsations with amplitudes of up to several percent of the mean static pressure in the combustion chamber [13] . These self-excited oscillations are an unacceptable noise source, and furthermore, they reduce the durability of the combustion chamber significantly. Unfortunately, the lean premixed combustion mode, which was introduced by the gas turbine industry as the key step to lower NO x emissions, turned out to be particularly susceptible to these kind of instabilities [16] .
In contrast to, e.g., jet associated noise, the sound generation in flames is much less understood. As a result, modeling tools for the direct prediction of combustion noise are rarely available. For an enhanced understanding of the physical processes associated with sound generation in flames, as well as for modeling and control of combustors, experimental access to the acoustic sources in premixed flames is necessary. In an anechoic environment, measuring the acoustic sources due to combustion is fairly well developed [20, 15] . In case of an enclosed configuration, experimental access to the acoustic sources of the flame is not straightforward. The pressure that is measured at the combustor wall is strongly influenced by wave reflections from the boundaries.
Reduced order acoustic models in combination with semi-empirical relations for the flame response to velocity fluctuations and the spectral distribution of the global acoustic sources have been used to predict combustion chamber pressure spectra as well as thermoacoustically unstable operating regimes (see, e.g., Refs. [14, 18, 8] ). This type of models is fairly mature and has been successfully used to reduce combustion induced noise by active and passive means [3, 2] . Due to the reduced complexity, however, these models do not allow to draw any conclusions about the local physical phenomena responsible for the sound generation inside the flame. To gain more insight into the complex interaction mechanisms between the sound field and the flame, detailed information on the acoustic source distribution in the combustion zone is desirable. Due to sensor robustness limitations, direct acoustic measurements inside the flame are obviously not possible.
The acoustic source distribution in the flame can, however, be reconstructed from wall-mounted pressure sensors by solving an inverse problem based on the acoustic near-field. The focus of this project is the localization of flame associated noise sources in enclosed combustion chambers. This can be achieved using the acoustic nearfield information obtained from pressure measurements with wallflush mounted sensors. The generic combustion chamber considered in this work is simply a hard-walled flow duct with a circular cross section.
A schematic representation of the reconstruction procedure is displayed in Figure 10.1. The combustion chamber with several wall-flush-mounted microphones and the flame are shown. In a first step, the position and the shape (i.e., the region of heat release) of the enclosed flame is determined by chemiluminescence imaging techniques (see, e.g., [5] ). With this knowledge, the domain where the sound sources can be expected is discretized with a set of N (say) acoustic monopoles with unknown amplitudes. Using a Green's function representation for the acoustic field
